We study the cluster mass function and its evolution in different models with Dark Energy arising from a self-interacting scalar field, with Ratra-Peebles and SUGRA potentials. 
Introduction
One of the main puzzles in modern cosmology is the nature of Dark Energy (DE). Current observations (see, e.g., Percival et al. 2002 ) favor a flat Universe with a matter density parameter Ω m ≃ 0.3, mostly due to CDM and with a minor contribution of baryons (Ω b h 2 ≃ 0.02; h is the Hubble constant in units of 100 km/s/Mpc). The residual energy content of the world, in the present epoch, should not be observable in the number-of-particle representation.
One of the most appealing possibilities is that such dark component arises from a self-interacting scalar field. With in the wide set of interaction potential suggested, a particular relevance is kept by Ratra-Peebles (1988) and SUGRA expressions:
Here Λ is an energy scale, currently set in the range 10 2 -10 10 GeV, relevant for fundamental interaction physics; potentials depend also on the exponent α; fixing Λ and α, the DE density parameter Ω DE is automatically fixed; in this work we preferred to use as free parameters Λ and Ω DE ; in SUGRA potentials, κ = 8πG (G: gravitational constant).
In this work we try to determine some effects on galaxy clusters and their evolution, caused by replacing a simple cosmological constant with DE, interacting according to the potentials (1).
The technique used to study non-linear evolution is the Press 
From linear theory to non linear predictions
In order to apply the PS technique we first need to determine the amplitude δ c , in linear theory, of a fluctuation that would achieve full collapse within a given redshift. In a standard CDM model, such value is constant and holds ∼ 1.68 (see, e.g., Coles & Lucchin 1995). In RP or SUGRA models, δ c depends upon the cosmological parameters and the redshift z. In Fig.s 1 and 2 we report such dependence. In order to obtain such dependence we had to evaluate the density contrast ∆ c achieved by a fluctuation when it is fully virialized. In Fig. 3 we report, as an example, how ∆ c depends on z for some DE models.
The value of δ c is to be used in the expression
(hereρ m is matter density, the bias factor ν = δ c /σ M , σ M being the rms density fluctuation on the length scale corresponding to the mass M), yielding the differential mass function n c (M) once the distribution on bias is given. Here, as usual, we assume a Gaussian f (ν). Eq. (2) shall then be integrated to obtain n c (> M)
In Fig. 4 we show the mass functions n c (> M) for ΛCDM and a RP model with Λ = 10 6 GeV. For the sake of comparison we show also the mass function for a λCDM model with n = 1.1 in the primordial mass spectrum. This figure is meant to show that the changes of the cumulative mass function at z = 0 are modest. SUGRA models are even closer to ΛCDM. Appreciating the difference between ΛCDM and other DE models requires a precision comparable to the one needed to appreciate differences of 0.05 in the primeval spectral index. Taking into account the approximated nature of the PS approach, it seems difficult to determine the nature of DE using cumulative mass functions at z = 0. Using n-body simulations is unlikely to ease the problem.
In Fig. 5 , finally, we give the evolution of the number N of clusters, with mass M > 6.9 · 10 14 h −1 M ⊙ , as a function of redshift, normalized to an identical number density of clusters (∼ 0.13 in a box of 100 h −1 Mpc a side), for all models, in the present epoch. In Fig. 6 we give the ratio between the number of clusters expected in various models and the number expected in an open CDM model with the same value of Ω m . The mass here is selected so to correspond to a cluster with Abell radius in a standard CDM model. A similar plot, for a slightly smaller mass, was given by Bahcall, Fan & Cen (1997), for standard CDM, ΛCDM and OCDM only.
Discussion
The above mass functions and evolution are calculated using a transfer function obtained from a generalization of the public program CMBFAST to cosmologies with DE given by the potentials (1). Initial conditions were set according to the tracker solution in radiation dominated era ( The main result of our work is that the cluster evolution in models with RP potentials closely approach the evolution in open CDM models. Only for Λ values as low as ∼ 10 2 , the expected behavior may be appreciably different from them. On the contrary, the evolution of SUGRA models is intermediate between open and Λ models.
Cluster data available within a few years were thought to be able to discriminate between open CDM and ΛCDM, on the basis of the redshift dependence of cluster abundance. If other data confirm that we live in a spatially flat world, finding an evolution closer to open CDM than to ΛCDM will provide a precise information on the nature of DE.
